Introduction
A physically active lifestyle during adolescence contributes to a healthier status and better physical and psychological well-being during these years and also later in life. [1] [2] [3] A recent systematic review on trends in physical activity (PA) reported a decline in PA levels in young people over time. 4 In order to attenuate, stop or invert this decline in PA it is important to identify those factors that determine PA levels in young people and take them into account in future interventions and health promotion strategies. 1, 5 Recent findings about psychological, physical and lifestyle factors, e.g. happiness, obesity and smoking, suggest that what surrounding people feel or do may largely influence an individual's status. [6] [7] [8] For instance, people who are surrounded by a happy social network are more likely to be happy. Therefore, it is reasonable to think that a physically active social environment can positively influence adolescents' PA levels. 9 Several studies examined the association of parents' PA, 10 peers' PA 5 or both 11, 12 with adolescents' PA. Little is known, however, about how brothers' and sisters' PA influence adolescents' PA levels. Few studies have examined the effect of all the relatives in a single study. Such study would allow determining which relative is more influential.
Not only what relatives do (engagement) but also the level of relatives' PA encouragement might influence adolescents' PA levels. [13] [14] [15] [16] [17] Overall, these studies showed a positive association of both relatives' PA engagement and encouragement with adolescents' PA. However, the available literature is mainly based on data from North America and Australia, with limited information on this topic in European adolescents.
The aim of this study was to examine the influence of the relatives' (father, mother, brother, sister and best friend) PA engagement and encouragement on European adolescents' PA levels, assessed by subjective (questionnaire) and objective (accelerometry) methods.
Methods

Design and participants
Adolescents were part of the Healthy Lifestyle in Europe by Nutrition in Adolescence Cross Sectional Study (HELENA-CSS), which is a multicenter study conducted between 2006 and 2007, in 10 cities from 9 European countries: Athens (Greece), Dortmund (Germany) , Ghent (Belgium), Heraklion (Greece), Lille (France), Pécs (Hungary), Rome (Italy), Stockholm (Sweden), Vienna (Austria) and Zaragoza (Spain) . The main aim of the HELENA study was to obtain reliable and comparable data on nutrition and health-related parameters such as PA, fitness, body composition, food choices and preferences, cardiovascular risk factors, vitamins and mineral status, immunological biomarkers and genetic markers. 18 This study included a total of 3528 adolescents (52.3% girls) aged 12.5-17.5 years, recruited at high schools and who met the inclusion criteria established in the HELENA study. 18 From these, 3007 (52.6% girls) had complete and valid data on self-reported PA assessed by IPAQ, and 2200 adolescents (53.8% girls) had complete and valid data on objectively assessed PA by accelerometry. The number of valid data for relative's PA engagement and encouragement differs by the relative studied (some adolescents do not have a brother, father, etc.) (see the Supplementary material figure S1 ).
Adolescents and their parents/guardians were informed of the characteristics of the HELENA study and all provided a written informed consent. Ethics committees from each country approved the HELENA study protocol 19 and regulatory aspects relating to good clinical practices were conducted in concordance with the ethical guidelines of the Declaration of Helsinki 1961, as revised in Edinburgh 2000.
Measurements
Assessment of physical activity by the International Physical Activity Questionnaire for Adolescents (IPAQ-A)
The IPAQ-A (International Physical Activity Questionnaire for Adolescents), an adapted version of the original IPAQ, was used to assess adolescent's PA of the last 7 days. 20 Questions about PA at work were replaced by questions about PA at school (e.g. physical education, walking, moderate and vigorous PA at school). Furthermore, the module about activities in the household domain was shortened. Only one question (versus three in the original IPAQ) about PA in the garden or at home remained. Also the order of PA intensities was changed, to avoid over-reporting. 21 The questionnaire was translated into French, Dutch, German, Greek, Hungarian, Italian, Spanish and Swedish and back-translated into English following the instructions given in the IPAQ manual (http://www.ipaq.ki.se/ipaq.htm). 22 For each of the four domains (school, transport, housework and leisure time), total PA, moderate, vigorous and moderate to vigorous physical activity (MVPA) (expressed as minutes per week) were computed and summed to be used in the analyses, based on the guidelines for data processing and analyses of the IPAQ. The data were cleaned and truncated based on previous research. 20 
Assessment of physical activity by accelerometry
The Actigraph accelerometer model GT1M (Actigraph MTI, Manufacturing Technology Inc., Pensacola, FL, USA) was used to assess PA. This small uniaxial accelerometer measures accelerations (G) from 0.05 to 2.1 G in the vertical axis. Its acceleration is filtered, which discriminates human movements from vibrations. The accelerometers were initialized as described by the manufacturer. The data are stored at a sampling rate of 10 samples per second and summed over a selected time interval or epoch. For the present study, data was saved in 15 s intervals (epochs). Each adolescent was monitored for seven consecutive days. The adolescents wore the accelerometers on the lower back, secured with an elastic belt, underneath clothing and only during the waking hours.
After the testing period, the accelerometers were collected by the researcher and data were uploaded onto a computer. The rough data of all participants were analyzed centrally to ensure standardization. Data with periods of zero values during more than 20 min were excluded from the analysis. A recording of more than 20 000 counts per minute was seen as a potential malfunction of the accelerometer and was also excluded from the analyses. Data were considered as valid if the adolescents had accelerometer counts for at least 3 days with at least 8 h of recording time per day. Data were analyzed for minutes per day spent in moderate and vigorous intensity. The time engaged at moderate PA (3-6 metabolic equivalents) was calculated based on cutoff points of 2000-3999 counts min
À1
. The time spent in vigorous PA (>6 metabolic equivalents) was calculated based on a cut off of !4000 counts min
. Those cutoff points are similar to those used in previous studies. 23, 24 The time engaged in at least moderate PA (MVPA, !2000 counts min
) was also calculated. Moderate, vigorous and MVPA were expressed in minutes per day. Total PA was computed as the total sum of counts per day divided by the total time registered and is expressed as counts min À1 .
Assessment of relatives' PA engagement and encouragement
The adolescents were asked about the PA levels undertaken by their relatives (father, mother, brothers, sisters and best friend) using the following question: 'How regularly does your father engage in physical activity?'. 25 The corresponding question was used for each of the studied relatives. The PA engagement of the relatives was classified as Low if the answer to the question was 'never' or 'few times per month/year', Middle if 'once a week' or 'few times per week' and High if 'almost daily'. Likewise, adolescents were asked about the PA encouragement provided by their relatives, using the following question: How often does your father encourage you to be physically active?
The corresponding question was used for each relative studied. Answers were classified into Low if the answer to the question was 'Not at all' or 'not much', Middle if 'Sometimes' or 'Often' and High if 'Very often'.
Statistical analysis
All statistical analyses were performed using PASW (Predictive Analytics SoftWare, formerly SPSS), version 18.0, SPSS Inc., Chicago, IL, USA. The level of significance was set at P < 0.05 for all the analyses. Descriptive data on the study sample are presented as means and standard errors, unless otherwise indicated. After square root transformation of vigorous PA (accelerometry), vigorous PA and MVPA (both from IPAQ-A) and logarithmic transformation for total PA (accelerometry), all the residuals showed a satisfactory pattern. Differences between adolescent's PA level according to relatives' PA engagement and encouragement were analyzed by one-way analysis of covariance (ANCOVA), with adolescents' PA variables (each in a separate model) as dependent variables, relatives' PA engagement or encouragement as fixed factor, sex and age as covariates and center as a random factor. Pairwise comparisons were performed using Bonferroni's adjustment. Prior to the analysis, possible sex and age interactions were tested with the study associations and found no clear evidence of interaction. In addition, the analyses were run separately for boys and girls, and no substantial differences were observed. Consequently, all results were presented for boys and girls together and the models were adjusted for sex and age.
The potential effect of missing values was tested on the current analyses. Adolescents with valid data on IPAQ-A were 0.29 years older, 1.48 kg lighter and had 1.04 kg m À2 lower BMI than adolescents without valid data on IPAQ-A. No differences were observed by the sex or sexual maturation group. Likewise, adolescents with valid data on accelerometry were 0.17 years younger, 2.64 kg lighter and had 0.76 kg m À2 lower BMI than adolescents without valid data on accelerometry (P < 0.05). The percentage of valid data on accelerometry was slightly higher in girls than in boys (64 vs. 60%, respectively).
Results
Characteristics of the study sample are shown in table S1 (see the Supplementary material). Descriptive data (percentages) on relatives' PA engagement and encouragement as reported by the adolescents are shown in Supplementary material figure S1. The lowest relatives' PA engagements were observed in father, mother and sisters, and the highest in brothers and the best friend. Father and mother provided the highest relatives' PA encouragement, while brothers, sisters and the best friend showed the lowest scores.
Associations between relatives' PA engagement and adolescents' PA Adolescents' PA levels, measured by IPAQ-A (subjective method), according to relatives' PA engagement, after controlling for sex, age and center, are shown in table 1. Overall, we observed a dose-response association for all the relatives. Pairwise comparisons mostly showed significant differences among groups, adolescents' PA level being higher as the relatives' PA engagement increased. Stronger Associations between relatives' PA encouragement and adolescents' PA Adolescents' PA levels, measured by IPAQ-A, according to relatives' PA encouragement, after controlling for sex, age and centre, are shown in table 3. Dose-response associations were observed between relatives' PA encouragement (all the variables) and adolescent's PA. Pairwise comparisons mostly showed significant differences among groups, adolescent's PA level being higher as the relative's PA encouragement increase. Overall, the use of accelerometry instead of IPAQ-A (table 4) provided consistent results, showing significant association of fathers', sisters' and the best friends' PA encouragement with adolescents' PA, yet no associations or not consistent associations were found for brothers' and mothers' PA encouragement. In general, the level of significance in the associations when using accelerometry was smaller than when using IPAQ-A. Overall, stronger and more consistent (between methods) associations were observed for encouragement than for engagement.
Additional analyses
There were more missing data on accelerometry than on IPAQ-A, so for exploratory purposes, we repeated all the analyses selecting those adolescents having valid data on both accelerometry and IPAQ-A, and overall, the results persisted. We also repeated all the analyses using sexual maturation instead of age as covariates to examine if this decision could affect the results, but no substantial differences were found. (data not shown).
Discussion
Our results suggest that relatives' PA encouragement is more strongly and consistently associated with adolescents' PA level than relatives' PA engagement. Dose-response associations were observed indicating that the higher the level of encouragement the higher the level of adolescents' PA. This finding was overall consistent when using self-report (IPAQ-A) or objective (accelerometry) methods for assessing adolescents' PA level, yet the associations tended to be stronger when using self-report methods. Since there were more missing data on accelerometry than on IPAQ-A, we wondered whether this fact could explain the weaker associations observed when using accelerometry compared to IPAQ-A, but the exploratory analyses performed did not support this notion. An explanation for the stronger associations observed for self-reported PA could be that relatives' PA variables were reported by the adolescents, so were adolescents' PA levels when using IPAQ-A; these two measurements are therefore based on a common factor, the adolescent's perception. This may partially explain why the associations were stronger when using IPAQ-A compared to accelerometry. One study simultaneously assessed PA both subjectively and objectively, 13 but unfortunately the relatives were not separately analyzed, which make the comparison with our results difficult. The authors found that family support was positively related Data are means (standard errors). MVPA, moderate to vigorous physical activity. All PA variables are expressed as minutes per day, except for total PA that is counts per minute. Low was considered when the answer to the question was 'not at all' or 'not much', Middle if 'sometimes' or 'often', and High if 'very often' a, b Common superscripts in a same row indicate a pairwise significant difference (P < 0.05). Pairwise comparisons were performed by using Bonferroni's adjustment c Row data are shown, yet square root (Vigorous) and logarithmic (Total PA) transformed data were used in the analyses with adolescents' PA as assessed by both subjective (Physical Activity Questionnaire-Adolescents) and objective (accelerometry) methods, without clear differences between subjective and objective methods.
Associations between relatives' PA engagement and adolescents' PA Previous literature supports a positive association between relatives' PA engagement and adolescents' PA level. Eriksson et al. 10 reported that having two active parents was related to four to eight times higher odds of being active. Similar associations were also observed between siblings' and peers' PA engagement and adolescents' PA levels. 5, 26 These associations became stronger when the engagement was combined with the encouragement. 11, 17 In a longitudinal study, Davison and Jago 27 found that parents' PA engagement at the age of 9 and 11 years, and a stable logistic support (e.g. taking them to places where they can be active, enrolling them in sport activities) from 9 to 15 years old is associated with remaining active in girls during the study period.
In this study, when using subjective methods, the strongest associations were observed between brothers', sisters' and the best friend's PA engagement and adolescents' PA levels. These results concur with those from Seabra et al. 26 that observed that siblings' PA engagement was related to two to three times higher odds of being active, compared to parents' PA engagement. Likewise, Keresztes et al. 5 observed sisters and brothers being the most influential in boys and classmates in girls. Moreover, Vilhjalmsson and Kristjansdottir 28 also studied several relatives separately and observed the strongest association between friends' PA engagement and adolescents' PA level. Our self-reported data, together with the studies mentioned above (all using self-reported data), support the idea that siblings' and friends' PA engagement is more strongly associated with adolescents' PA level than mothers' or fathers' PA engagement. However, our accelerometry data do not support these results.
Associations between relatives' PA encouragement and adolescents' PA A major finding of this study was the association between relatives' PA encouragement and adolescents' PA level, which was overall consistent when using subjective and objective methods. Our results are supported by previous studies relating adolescents' PA with encouragement or support by family, 29 family and friends, 14, 17 parents and peers, 15, 16 or friends and peers. 30 These relationships also showed that low parent and low peer support were associated with reduced odds of being regularly active after school 15 . Family support emerged as the most significant and consistent factor associated with MVPA of both adolescent boys and girls. This relationship was noted even when different methods of measuring MVPA were used (PAQ-A and accelerometry). 13 We observed positive encouragement association for most of the relatives studied, only brothers' and mothers' PA encouragement being not associated or not consistently associated with adolescents' PA level when measured with accelerometry. Robbins et al. 16 reported that father's PA encouragement was more strongly associated to adolescents' PA levels than other relatives. This finding is consistent with what was noted in other studies. 31, 32 These studies used self-reported methods to assess adolescent's PA level. Information on accelerometry is scarce on this topic.
Limitations and strengths
A first limitation of this study was the lack of objective information of the relatives' PA. Secondly, information about the brothers' and sisters' age was not collected, therefore not possible to determine whether the associations are stronger for younger or older siblings. Strengths of this study are the large sample size and the geographical spread of the study sample all over Europe, as well as the highly standardized procedures and the central handling and analysis of the accelerometer data used within the HELENA study. In addition, further strengths and contribution of this work to the previous literature are the independent and separate analysis of the adolescents' surrounding people, the inclusion of both relatives' engagement and encouragement, and the use of both subjective and objective methods for assessing PA levels in adolescents.
In conclusion, high levels of relatives' PA encouragement are associated with high levels of adolescents' PA. This finding was mostly consistent when using self-report (IPAQ-A) or objective (accelerometry) methods for assessing adolescents' PA level. Relatives' PA engagement was also positively related with adolescent' PA level, as assessed by self-report methods, but not as assessed by objective methods. Community interventions aiming to enhance PA levels in the adolescent population might be more successful if family and peers are also targeted. In this context, relatives' encouragement could play an important role. Self-reported data in combination with objective data are needed to clarify the role of the relatives' PA engagement and encouragement in adolescents.
Supplementary data
Supplementary data are available at EURPUB online.
Relatives' PA engagement was also positively related with adolescent' PA level, as assessed by self-report methods, but not as assessed by objective methods. Community interventions aiming to enhance PA levels in the adolescent population might be more successful if family and peers are also targeted, with special focus on relatives' encouragement.
